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INTRODUCTION 
In the beef industry today, it is necessary for the beef packer to 
slaughter and sell his product, whether as boxed beef or carcass beef, 
as quickly as possible. Costs of labor, equipment, land, etc., as well 
as perishability of the end pr,oduct, demand quick movement of fresh 
beef from the packer to the consumer. 
The present USDA beef grades attempt to measure xhe expected 
palatability and yield of boneless, closely trimmed retail cuts from 
the round, loin, rib, and chuck with subjective estimates. However, 
if the packer thinks the yield grade or quality grade is more desirable 
than that indicated by the USDA grader, it is customary to "hold'! that 
carcass an additional day in · the cooler. After a time, the quality may 
"bloom" into the choice grade or the USDA grader can more closely 
examine the carcass and actually make some objective measurements to 
establish the final quality and/or yield grade. A more · desirable final 
grade may result and the packer has a more valuable and more marketable 
carcass. 
An objective method of measuring palatability and cutability 
indicators in the beef carcass could save the shrinkage loss as well as 
the increased inventory and additional handling costs related to 
"holding" carcasses for regrading. Techniques used in remote sensing 
may provide those objective measurements as well as provide a method of 
entering carcass data into a computerized system for predicting quality 
and yield traits of a specific carcass. Equally .important, such a 
computerized system may provide beef processors with cumulative estimates 
of quantities of the various primal or subprimal cuts that would enter 
inventory on a given day. 
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The present study was designed to (1) objectively measure area of 
lean and fat areas at the twelfth rib interface using remote sensing 
techniques, (2) correlate objective measurements to actual yield of 
edible portion and (3) to ascertain which measurements or combination of 
measur~ments best predict cutability. 
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REVIEW OF LITERATURE 
Accurate, reliable predictors of carcass yield are needed by the 
beef cattle industry for marketing, progeny testing, and research 
programs. To have widespread application, the procedure must be rapid, 
inexpensive on a per head basis, and must lend itself to a broad base of 
sex, age, weight, and breed classes. Reliable cutability and quality 
information readily accessible to beef marketing personnel would be 
invaluable. Yields of closely trimmed retail cuts and/or salable 
product have been predicted by regression analysis with measures of fat 
and muscle. Remote sensing techniques have been applied in other 
disciplines to objectively determine areas. There is no published 
application relating remote 'sensing to beef carcass evqluation. 
Weight 
Hot carcass weight is a factor in the USDA regression formula 
having an inverse relationship with percent of boneless, closely trimmed 
retail cuts. Crouse et al. (1975) reported that carcass weight was a 
good predictor of cutability within a breed group but a poor indicator 
over all breed groups. Additionally, they reported that longissimus 
muscle area and carcass weight were positively correlated (r = .50) 
within breed groups, but correlation coefficients with cutability were 
low and opposite in sign (.18 and -.24, respectively). The partial 
correlation coefficient between longissimus muscle area and cutability, 
holding carcass weight constant, was .52, indicating that the muscle 
area is more useful as a predictor of cutability in cattle of similar 
weight than in cattle varying widely in weight. 
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Koch and Varnadore (1976) reported that untrimmed weight of 
quarters or sides was the most important variable in estimating differ-
ences in trimmed cut weight. Electrical Meat Measuring Equipment (EMME) 
number accounted for significant variation in trimmed primal cuts and 
reduced standard error when used simultaneously with weight. An EMME 
number is attained with the use of patented equipment. Measurement 
involves the induction of an electric field within the sample. Sample 
conductivity and its physical dimensions both enter into calculation of 
the EMME number. 
Brungardt and Bray (1963) found that simple correlation coefficients 
of left side weight with percent retail yield, predicted percent muscle, 
~ 
and percent trimmed, major w~olesale cuts were -.24, -.23, and -.26, 
respectively (P<.OS). This suggests . that total carcass weight is a 
poor indication of percent edible portion of a carcass. 
Clifton et al. (1976) reported that, in a group of carcasses 
ranging in weight from 134.5 to 278.0 kg, fat thickness over the 
longissimus muscle, actual percentage of kidney, pelvic, and heart fat, 
and chuck muscling score ~ccounted for 49.7% of the variation in carcass 
· yield. In a second group of carcasses, which ranged from 99.1 to· 179.1 
kg, length of exposed rib eye, lumbar chine depth, foreshank muscle area, 
and actual percentage of kidney, pelvic, and heart fat were included in 
an equation which accounted for 64.3% of the variation in yield. 
Accordingly, they suggested that for lightweight carcasses, which have 
little excess external fat, measures of muscle are more indicative of 
carcass yield than are measures of fatness. 
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Work done by Epley et al. (1970) showed that hot carcass weight 
(HCW) was positively correlated with kg of retail cuts, which agrees 
with data reported by Dinkel et al. (1969). In addition, HCW was 
negatively correlated with percent .retail cuts. Variation in HCW 
explained more of the variation in total weight of retail cuts than did 
the other three predictors used · in the USDA regression formula. HCW 
alone accounted for 85% of the variation in weight of retail cuts. This 
agrees with work by Fitzhugh et al. (1965), Swiger et al. (1965), and 
Cole et al. (1962) who found that HCW accounted for 81, 93, and 56% of 
the variability, respectively, of the pounds of retail cuts or separable 
lean. After analyzing data from 216 grade Hereford steers, Tuma et al. 
(1967) stated that carcass weight was a more accurate predictor of 
kilograms of retail cuts than any of ·the linear measures used. 
Fat 
Many researchers have ~eported an inverse relationship between 
trimmable fat and carca~s cutability. Henderson et al. (1966), Murphey 
et al. (1960), and Epley et al .. (1970) reported correlation coefficients 
of -.75, -.79, and -.71, respectively, between fat thickness measurements 
at the 12th rib interface and percentage of closely trimmed retail cuts. 
Epley et al. (1970) observed that, when HCW was held constant~ fat 
thickness was more closely related to weight of retail cuts than rib eye 
area. ~1en single predictors were used to predict percent total retail 
cuts, fat thickness (R
2 
= .50) was the best measure of those used to 
predict retail product. 
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Fat has the largest effect on cutability of any factor used in the 
USDA regression equation developed by Murphey ~ al. (1960)·. The USDA 
equation is percent of boneless retail cuts from the round, loin, rib, 
and chuck= 51.34- (5.784 x fat thickness over the rib eye, inches)-
(.0093 x carcass weight, lb) - (.462 x kidney, pelvic, heart fat, 
percent of carcass)+ (.740 x area rib eye, square inches). It was 
found that some improvement could be made using a subjective evaluation 
of uniformity of finish to adjust the measure of fat over the rib eye 
because of inordinately small or large amounts of fat over certain 
portions of the carcass (i.e., loin edge). It should be noted that data 
analyzed by Murphey et al. (1960) were collected on a very large and 
diverse sample of cattle. It is doubtful that the same yield relation-
ships would be realized on a smaller' more homogenous group of cattle. 
Crouse et al. (1975) reported that the individual trait most highly 
correlated with percentage cutability was fat thickness at the 12th rib 
interface (r = - ·.76) • . Approximately the same correlation was found 
considering the data over all breed groups or pooled within groups. 
Longissimus Muscle Area 
Longissimus muscle area, which is readily measured or estimated in 
most commercial operations, is recognized as an indicator of total. carcass 
muscle. Simple correlation coefficients reported by Fitzhugh et al. 
(1965), Busch et al. (1968), and Cross et al. (1973) were .65, .51, and 
.77, respectively, between longissimus muscle area and weight of boneless, 
closely trimmed retail cuts. 
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Crouse and co-workers (1975) suggested that longissimus muscle 
area may be particularly useful in yield prediction equations among 
different breed groups. They found a correlation coefficient between 
cutability and longissimus muscle area of .47 over all sire breed groups 
in their study (Hereford, Angus, Charolais, Limousin, Simmental, South 
Devon, and Jersey sires) and a correlation coefficient of .18 within 
sire breed groups. 
Epley et al. (1970) declared that longissimus muscle area was 
positively and significantly correlated with weight of boneless, closely 
trimmed retail cuts from the round, loin, rib, and chuck but nonsignifi-
cantly correlated with percent of total retail cuts. Conversely, Cole 
et al. (1960) reported that a combination of longissimus muscle area 
and carcass weight offered no advantage ·over carcass weight alone in 
predicting weight of retail cuts. Tuma et . al. (1967) similarly 
concluded that deletion of longissimus muscle area resulted in no loss 
of predictive accuracy. However, Murphey et al. (1960) observed that 
area of the rib eye bro~ght about a distinct improvement in the multiple 
correlation coefficient when added to average thickness of fat over the 
· rib eye, percent of kidney, pelvic, and heart fat, and carcass weight. 
It should be noted that of the predictors used in the study longissimus 
muscle area had the lowest coefficient of variation. 
Percent of Kidney, Pelvic, and Heart Fat 
Epley and co-workers (1970) reported that kidney, pelvic, and heart 
fat percentages were _associated with edible portion percentage (r = -.72). 
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Brungardt and Bray (1963) stated that percentage of kidney, pelvic, and 
heart fat accounted for 54% of the variation in cutability and was 
associated (P<.Ol) with percent fat trim, percent of round, rump, and 
loin, and percent retail cuts. Cross et al. (1973) reported that weight 
and percent of kidney, pelvic, and heart fat were associated (P<.Ol) 
with percent fat trim, percent bone, percent of round, rump, and loin, 
and percent of retail cuts. Crouse et al. (1975) stated that percentage 
of kidney and pelvic fat, although lower in predictive value than fat 
measured at the 12th rib interface, was useful in predicting closely 
trimmed, semi-boneless retail cuts within or over all breed groups 
studied. 
Cutability Prediction Equations 
The factors previously discussed have been used in several different 
prediction equations. Three equations which predict the percentage of 
carcass weight in boneless ,retail cuts from . round, loin-, rib, and chuck 
were cited and discussed by Cross et al. (1973). The equations are as 
follows: 
1. USDA Cutability Equation - Percent boneless retail cuts 51.34 
- (5.784 x f _at thickness opposite the longissimus muscle, inches) 
- (.0462 x kidney fat,%)+ (.740 x longissimus muscle ar~a, 
square inches)- (.0093 x warm carcass weight, lb). 
2. Murphey Equation - Percent boneless retail cuts = 52.56 - (4.95 
x fat thickness opposite the longissimus muscle, inches) -
(1.06 x kidney fat, %) + (.682 x longissimus muscle area, 
square inches) - (.008 x warm carcass weight, lb). 
3. Illinois Equation- Percent boneless retail cuts = 67.99 -
(.0142 x side weight, lb) - (6.39 x fat thickness opposite 
the longissimus muscle, inches) (.38 x kidney fat weight, 
lb) + (.37 x longissimus muscle area, square inches) + (.14 x 
conformation score, coded). 
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Cross et al. (1973) reported significant (P<.01) correlation coefficients 
of .83, .86, and .80 between percent boneless, closely trimmed retail 
cuts from the round, loin, rib, and chuck and the USDA Cutability 
Equation, Murphey Equation, and Illinois Equation, respectively. 
Abraham et al. (1976) studied cutability of carcasses ranging from 
130 to 460 kg in hot carcass weight, from canner through prime in 
muscling and quality grade, and from 0 to 5.1 em in fat thickness over 
the longissimus muscle. They found that carcass· weight, longissimus 
muscle area, adjusted fat thickness, and percent kidney and pelvic fat 
all contributed (P<.Ol) t6 a regression equation (R2 ~ .83) for pre-
dicting yield of boneless, closely trimmed ret.ail cuts from the round, 
loin, rib, and chuck. 1n _ this study, the correlation between actual 
cutability and cutability predicted by the equation on which the yield 
· grades are based was .89. The official USDA yield grade equation is 
yield grade= 2.5 + (2.5 x adjusted fat thickness, inches) + (.02 x 
percent kidney, pelvic, and heart fat) + (.0038 x hot carcass weight, 
lb) - (.32 x area rib eye, square inches). 
10 
·Round Weight As ~ Predictor of Cutability 
Tuma et al. (1967) reported carcass weight and weight of trimmed 
retail cuts from the round to be the best indicators for the measures of 
composition studied. These traits accounted for 79% of . the total 
variation in weight of trimmed retail yield. Untrimmed wholesale round 
weight accounted for 74% of the total variation in weight of retail cuts. 
Among those regression equations to predict cutability that were 
compared by Cross et al. (1973), the Wisconsin Trimmed Round Equation 
[percent partially boneless retail cuts = 16.44 + (1.67 x trimmed round, 
%) - (4.94 x fat thickness opposite the longissimus muscle, inches)] and 
the Wisconsin Untrimmed Round Equation [percent - partially boneless retail 
cuts= 2.73 + (1.62 x untrimmed round weight, lb) + (.07 x left side 
weight, lb) + (1.80 x longissimus muscle area, square inches)] were the 
only two equations using the round as a pr~dictor of cutability. 
Remote Sensing Techniques 
Remote sensing tec~niques are used for a wide range of purposes. 
Uses have included a quantitative study of micro-vascular structure in 
the bulbar conjunctiva of ·man, dimensional analysis of the redox state 
of the rat cerebral cortex, and detection of shallow water sponges. In 
the field of agriculture, the concept has been used "in characterizing 
and describing the spectral, spatial and temporal aspects of soils and 
plant communities. Extent of vegetative cover has been an important 
consider~tion to the crop and soil scientist in viewing agricultural 
land from a remote position." 
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In 1976, Stoner et al. conducted a study to determine the relation-
ship between percent ground cover and a leaf area index (LAI) and to 
investigate the feasibility of computer analysis of digitized photography 
for ground cover estimation. Spectral and spatial data were obtained 
from photographs taken 10 m above field plots. Photographs were used 
for determining percent ground cover by (1) a point grid technique and 
(2) microdensity scanning of the -photographs and digital analysis of the 
resulting data. Digitized photographic data were classified into two 
categories, green vegetation and soil. Almost 98% of the variation 
about the mean of percent ground cover was explained by a second order 
prediction equation. Stoner et al. (1976) concluded that low altitude 
photography of maize canopies was useful for spatial characterization 
of ground cover by digital computer analysis. Microdensitometry and 
digitization of photographs provided quantitative techniques for 
analyzing density differences, which could be related to components 
of green vegetation and bare soil. 
With the use of a computer search, the author deduced that remote 
sensing has never been used in ·measuring spatial photographic data 
-related to cutability or carcass composition of live animals and/or 
carcasses. However, the concept used in measuring differences in the 
area of varying colors of a photograph of a maize canopy would be 
similar to that of measuring area of different colors in a photograph 
of a beef rib eye. 
MATERIALS AND METHODS 
The cattle used in this study came from the 1973 and 1974 calf 
crops at the Beef Breeding Unit at South Dakota State University. In 
1973, 65 calves from a Polled Hereford bull bred to Charolais x Angus 
and reciprocal crossbred cows were used. In 1974, 64 calves fr~m a 
Salers bull bred to Charolais x Angus and re~iprocal crossbred cows 
were used. 
The calves were individually fed at the Beef Breeding Unit at 
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South Dakota State University, Brookings, South Dakota. The calves 
were started on an 80% concentrate ration after weaning. After reaching 
a predetermined weight (ste~rs = 318 kg, heifers = 283 kg), each .calf 
was switched to a 90% concentrate ration and implanted with Synovex. 
Steers were implanted with Synovex-S which contained 20 mg of estradiol 
benzoid and 200 mg of progesterone. · Heifers were implanted with 
Synovex-H which contained 20 mg of estradiol benzoid and 200· mg of 
testosterone. After changing rations, each individual calf was fed a 
predetermined number of days (steers= 140 days, heifers= 119 days). 
The cattle were slaughtered at the John Morrell and Company 
facilities in Sioux Falls, South Dakota. Carcass data were collected 
in the cooler with the assistance of a USDA meat grader. The subj~ctive 
quality evaluations were lean color, lean firmness, and marbling score. 
Lean color was described as dark pink, very light cherry red, light 
cherry red, cherry red, moderately dark red, dark red, or very dark 
red. Lean firmness was described as very firm, firm, moderately firm, 
slightly soft, soft, very soft, or extremely soft. Marbling scores 
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used were the same as those described in the USDA (1975) grading 
standards. 
The yield grades were ascertained by tracing the shape of the 
longissimus muscle and subcutaneous fat and using a compensating polar 
planimeter to objectively measure the area of the longissimus muscle 
and a fat probe to objectively measure the depth of the subcutaneous 
fat three-fourths the length of the longissimus muscle from the chine 
bone. The percentages of kidney, pelvic, and heart fat were subjectively 
estimated and the hot carcass weights recorded. The USDA regression 
formula [2.5 + (2.5 x adjusted fat thickness, inches) + (.20 x percent 
kidney, pelvic, and heart fat) + (.0038 x hot carcass weight, lb) -
(.32 x rib eye, square inches)] was used to determine yield grade. 
Photographic images were made of the longissimus muscle at the 12th 
rib interface. Consistency of the photographs was maintained by -a 
bracket mounted on the camera. A wire square placed at the end of the 
bracket framed each longissimus muscle interface, assuring that each was 
photographed at the same distance and angle. Slides of the photographic 
images were analyzed for area of lean and fat with a Dicomed D-57 
·Digitizer in conjunction with a Spatial Data Monitor at the Remote Sensing 
Institute at South Dakota State University. 2 A constructed, 64.5 em , blue 
cardboard square was photographed under the same conditions as the rib 
eye photographs. That photograph was used to calibrate the Spatial 
Data Monitor each time before the rib eye photographs were analyzed. 
The left side of each carcass was purchased by the meat laboratory 
of the Animal Science Department at South Dakota State University. 
Specific gravity of the side was determined by dividing the side into 
3 562~S 
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four parts. The weights for calculating specific gravity of the chuck, 
brisket, and shank, rib and plate, loin and flank, and round were 
summed to calculate specific gravity of the side. Minor cuts were 
made to assure that no air pockets were in the rib and plate or in the 
loin and flank. 
The sides were fabricated into a Chicago-style round, sirloin, 
.shell shortloin, tenderloin, flank, rib, plate, square cut chuck, 
brisket, and shank. Weights were recorded on each of these subprimal 
cuts in addition to weights of kidney and pelvic fat and cod or udder 
fat. Each of the subprimals were separated into and weights taken on 
trimmable fat, bone, lean trim, and total roast weight. It should be 
noted that separate weights w~re not kept on intermuscular fat and 
subcutaneous fat and the subcutaneous fat was only trimmed to .63 em 
so that total roast weight would include marketable fat. 
Of the cutability end ~oints measured, edible porti~n included the 
roasts and all lean trim. Fat trim was trimmable subcutaneous and 
intermuscular fat (in excess of .63 em). Trimmed major cuts were the 
major wholesale cuts with ~rimmable fat removed. Round weight was the 
weight of that entire wholesale cut. Round fat weight was trimmable fat 
removed from the round. Round roast weight was the combined weight of 
the rump, top and bottom round, and sirloin tip roasts. Roast weight 
total side was the weight of all trimmed roasts from the round, loin, 
rib, and chuck (loin and rib were only partially boneless). Percent 
fat in the rib eye was taken from a single, l-inch thick sample of 
longissimus muscle via ether extraction. 
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Data .from this study were analyzed using simple correlation 
coefficients to observe the relationships between factors measured or 
estimated from the carcasses. Multiple regression analysis was run to 
determine which combination of factors best predicted beef carcass 
cutability. 
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RESULTS AND DISCUSSION 
Measurements, cutability end points, remote sensing areas, and 
specific gravity data were collected on each carcass. Values obtained 
for means and standard deviations of these data appear in tables 1 and 2 
(table 1 is in metric measurement and table 2 is in English measurement). 
The mean carcass weight of Gattle used in this study was 265.75 
kilograms. In the industry they would be termed as 5 weight carcasses. 
The mean rib eye area was 71.91 cm2 or 11.15 square inches. The mean fat 
thickness was 1.16 em with a standard deviation of only .43 centimeter. 
The carcasses had a mean percent of kidney, pelvic, and heart fat of 2.52% 
and a standard deviation of only • 58%. The mean yield grade was ·2. 83. 
While a carcass with a yield ·grade of 2. 8 should . yield 50. 5.% boneless, 
closely trimmed retail cuts from the round, loin, rib, and chuck, the 
cattle actually yielded a ~ean of 48.53% of trimmed major cuts (rib and 
loin only partially boneless). That 2+% difference may .not seem important, 
but it converts to almo~t a full yield grade. Additionally while the 
standard deviation in yield gra.de was • 68, there was a 3. 32% standard 
deviation of the percent t ·rimmed major cuts. The means for percent edible 
portion and fat trim were 59.88% and 25.40%, respectively. The mean 
marbling score· was 4.98 or very high in the. slight marbling level which 
is equivalent to a quality grade of high good. 
There were many significant correlation coefficients between yield 
grade, rib eye area, fat thickness, percentage or weight end points of 
edible portion, roasts, or fat trim (table 3). Yield grade was 
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TABLE 1. MEANS AND STANDARD DEVIATIONS OF BEEF CARCASS TRAITS 
(METRIC MEASUREMENTS) 
Variable 
Carcass weight, kg 
R;b 2 ...._ eye area, em 
Fat thickness, em 
Percent kidney, pelvic, and 
heart fat 
Yield grade 
Percent edible portion 
Percent fat trim 
Percent trimmed major cuts 
Weight edible port ion, kg 
Weight trimmed major cuts, kg 
Round weight, kg 
Round edible portion, kg 
Round fat weight, kg 
Round roast weight, kg 
Roast weight total side, kg 
2 Remote sensing fat area, em 
Remote sens~ng lean 
area, em 
Specific gravity, side 
Specific gravity, round 
Specific gravity, loin and flank 
Specific gravity, rib and plate 
Specific gravity, chuck, brisket, 
and shank 
Marbling a 
Percent fat, rib eye 
N 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142' 
142 
117 
117 
141 
142 
141 
142 
142 
142 
141 
Mean 
265.73 
71.91 
1.16 
2.52 
2.83 
59.88 
25.40 
48.53 
76.16 
61.70 
31.17 
20.27 
5.43 
13.99 
41.24 
51.04 
127.62 
1.051 
1.076 
1. 015 
1.036 
1.065 
4.98 
5.27 
Standard 
deviation 
28.06 
8.57 
.43 
.58 
.68 
4.13 
4.93 
3.32 
9.81 
. 7. 66 
3.70 
2.64 
1.34 
1.99 
5.62 
11.02 
38.97 
.008 
.009 
.009 
·.012 
.009 
.87 
5.04 
a Marbling codes: Abundant, 10; Moderately abundant, 9; Slightly 
abundant, 8; Moderate, 7; Modest, 6; Small, 5; Slight, 4; Traces, 3; 
Practically devoid, 2; and Devoid, 1. 
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TABLE 2. MEANS AND STANDARD DEVIATIONS OF BEEF CARCASS TRAITS 
(ENGLISH MEASUREMENTS) 
Variable N 
C~rcass weight, lb 142 
Rib eye area, sq in 142 
Fat thickness, in 142 
Percent kidney, pelvic, and 142 
heart fat 
Yield grade 142 
Percent edible portion 142 
Percent fat trim 142 
Percent trimmed major cuts 142 
Weight of edible portion, lb 142 
Weight of trimmed major cuts, lb 142 
Round weight, lb 142 
Round edible portion, lb 142 
Round fat weight, lb 142 
Round roast weight, lb 142 
Roast weight total side, lb 142 
Remote sensing fat area, sq in 117 
Remote sensing lean 117 
area, sq in 
Specific gravity, side 141 
Specific gravity, round 142 
. Specific gravity, loin and flank 141 
Specific gravity, rib and plate 142 
Specific gravity, chuck, brisket, 142 
and shank 
. a 
Marbling 142 
Percent fat, rib eye 141 
a Marbling codes: Abundant, 10; Moderately 
abundant, 8; Moderate, 7; Modest, 6; Small, 5; 
Practically devoid, 2; and Devoid, 1. 
Mean 
585.84 
11.15 
.46 
2.52 
2.83 
59.88 
25.40 
48.53 
167.92 
136.03 
68.72 
44.70 
11.98 
30.85 
90.93 
7.91 
19.78 
1. 051 
1.076 
1.015 
1.036 
1.065 
4.98 
5.27 
abundant, 
Slight, 5· 
' 
Standard 
deviation 
61.87 
1.33 
.17 
.58 
.68 
4.13 
4. 93 
3.32 
21.64 
16.90 
8.16 
5.84 
2.97 
4.40 
12.40 
1.71 
6.04 
.008 
.009 
.009 
.·012 
.009 
.87 
5.04 
9· 
' 
Slightly 
Traces, 3; 
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TABLE 3. CORRELATION COEFFICIENTS OF YIELD GRADE AND YIELD GRAD ING 
FACTORS TO CARCASS COMPOSITION MEASURES AND ESTIMATORS 
Kidney, 
pelvic, 
and 
Carcass Rib eye Fat heart Yield 
Variable weight area thickness fat grade 
Percent edible portion .07 .51** -.68** -.53** -.80** 
Percent .fat trim .00 -.39** .74** .55** .80** 
Percent trimmed major -.01 .43** -.65** -.50** -.75** 
semi-boneless cuts 
Weight edible portion .84** .79** -.16* -.25** -.35** 
Weight trimmed major .83** .77** -.15 -.23** -.33** 
semi-boneless cuts 
Round weight . . 84** .69** -.04 -.25** - ·. 21 
Round edible portion .72** .75** -.27** -.30** -.44** 
Round fat weight .53** . 12 .56** .11 -.45** 
Round roast weight .72** .74** -.21 -.28** -.39** 
Roast weight total side .83** .76** -.09 -·. 21 -.29** 
Percent fat, rib eye -.03 -.12 .13 .03 .15 
* Significant at the . 05 level . 
** Significant at the . 01 level. 
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significantly correlated (P<.Ol) to percent edible portion, percent fat 
trim, and percent of trimmed, major, semi-boneless cuts (r = -.80, .80, 
and -. 75, respectively). Yield grade was also significantly correlated 
(P<.Ol)-, but to a lesser degree, to weight of edible portion, weight 
of trimmed, major, semi-boneless cuts, round edible portion, round fat 
weight, round roast weight, and roast weight from the total side (r = 
-.35, -.33, -.44, -.45, -.39, and -.29, respectively). The correlati.on 
between yield grade and round end points suggested that the round would 
be a good indicator cut for carcass cutability which is consistent with 
the findings of Tuma et al. (1967). 
Percentage of kidney, pelvic, and heart fat was negatively ~nd 
significantly (P<.Ol) correl?ted with percentage of edible portion, 
percentage of trimmed, semi-boneless major cuts, weight edible portion, 
weight of trimmed, semi-boneless major cuts, wholesale round weight, 
round edible portion, and round roast weight (r =-.53, .-.SO, -.25, 
-.23, -.25, - . 30, and ·-.28, respectively). Percentage of kidney, pelvic, 
and heart fat was also significantly correlated (P<.Ol) to percentage of 
fat trim (r .55). 
Of the single factors used in ·the USDA yield grade equation, fat 
thickness measured at the 12th rib interface was most highly correlated 
with cutability end points. Fat thickness was negatively and signifi-
cantly correlated (P<.Ol) with percentage of edible portion, percentage 
of trimmed, semi-boneless major cuts, and round edible portion (r = 
-.68, -.65, and -.27, respectively). These results are similar to 
results found by Hend~rson et al. (1966), Murphey et .al. (1960), Epley 
et al. (1970), and Crouse et al. (1975). Fat thickness was also 
significantly correlated (P<.Ol) to percentage of fat trim and round 
fat weight (r = .74 and .56, respectively) and negatively correlated 
(P<.05) with weight of edible portion (r = -.16). 
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Rib eye area showed significant (P<.Ol) correlation coeffici ents 
with percentage of edible portion, percentage of trimmed, semi-boneless 
major cuts, weight of edible portion, weight of trimmed, semi-boneless 
major cuts, round weight, weight of round . edible portion, round roast 
weight, and roast weight total side (r =.51, .43, . 79, .77, .69, .75, 
.74, and .76, respectively). If there had been more variation in breed 
of cattle used, including carcasses from dairy breeds, there may not 
have been such strong correlation coefficients between rib eye area and 
round end points. The relationships between rib ·eye area and percentage 
of edible portion and roast weight total side are consistent with those 
reported by Fitzhugh et al. (1965), Busch et al. (1968), and Cross et al. 
(1973). Rib eye area .was also negatively and significantly correlated 
with fat trim (r = -.39). 
Carcass weight was significantly correlated (P<.Ol) with weight 
·of edible portion, weight of trimmed, semi-boneless major cuts, round 
weight, round edible portion, round fat weight, round roast weight, 
and roast weight total side (r = .84, .83, .84, .72, .53, .72, and .83, 
respectively). It should be pointed out that the carcasses in this 
study, which were heavy, were so because they were mus-cular not because 
they were excessively fat. The mean fat thickness was 1.16 em with a 
standard deviation of .43 centimeter. Additionally, the correlation 
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between carcass weight and percentage of fat trim was r = .00. If there 
had been more variation of fatness among the carcasses, the ·correlation 
coefficients between carcass weight and the weight end points mentioned 
earlier might not have been as strong. These weight relationships are 
consistent with the findings of Epley et al. (1970), Fitzhugh et al. 
(1965), Swiger et al. (1965), and Cole et al. (1962). 
One of the objectives of this study was to objectively measure 
areas of lean and fat at the 12th rib interface via a remote sensing 
technique. Those objective measurements were thereby correlated to 
cutability end points (tables 4 and 5). The remote sensing fat 
measurement value was significantly correlated (P<.Ol) to fat thickness, 
percentage of kidney, pelvic, and heart fat, and yield grade (r = .35, 
.34, and .42, respectively). Additionally, that ·measurement was 
significantly correlated (P<.05) to percentage of fat trim from the 
carcass (r = .30). The remote sensing fat measurement value was signifi-
cantly (P<.01) and negatively correlated to percentage of edible portion, 
-
percentage of semi-boneless, trimmed major cuts, and specific gravity 
values of the side, round, loin and flank, rib and plate, and chuck, 
brisket, and shank (r = -.35, -.35, -.46, -.32, -.34, -.39, and -.42, 
respectively). 
The remote sensing lean measurement value was significantly 
correlated (P<.Ol) to carcass weight, rib eye area, fat thickness, 
percentage of fat trim, weight of edible portion, weight of trimmed 
major cuts, round weight, round fat weight, round roast weight, and 
roast weight from the total side (r = .46, .42, .41, .25, .33, .33, .44, 
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TABLE 4. CORRELATION COEFFICIENTS OF REMOTE SENSING DATA 
TO CARCASS YIELD AND QUALITY TRAITS 
Traits 
Carcass weight 
Rib eye area 
Fat thickness 
Kidney, pelvic, and heart fat 
Yield grade 
Percent edible portion 
Percent fat trim 
Percent semi-boneless trimmed 
major cuts 
Weight edible portion 
Weight trimmed major cuts 
Roast weight total side 
Marbling 
Fat percentage 
* Significant at the .05 .level. 
** Significant at the .01 level. 
Remote sensing 
fat area 
.12 
-.15 
.35** 
.34** 
.42** 
-.35** 
.30* 
-. 35** 
-.11 
-.11 
.16 
.21 
.11 
Remote sensing 
lean area 
.46** 
.42** 
.41** 
-.02 
.12 
-.08 
.25** 
-.08 
.33** 
.33** 
.52** 
.03 
.19* 
TABLE 5. CORRELATIO~ COEFFICIENTS OF REMOTE SENSING DATA 
TO ROUND YIELD TRAITS AND SPECIFIC GRAVITY VALUES 
T·raits 
Round fat weight 
Round roast weight 
Round weight 
Weight of round edible portion 
Specific gravity side 
Specific gravity round 
Specific gravity loin and flank 
Specific gravity rib and plate 
Specific gravity chuck, brisket, 
and shank 
* Significant at the .05 level. 
** Significant at the .01 level. 
Remote sensing 
fat area 
.06 
-.18 
-.10 
-.13 
-.46** 
-.32** 
-.34** 
-.39** 
-.42** 
Remote sensing 
lean area 
.65** 
.42** 
.44** 
.20 
.0_4 
-.01 
.05 
-.08 
.10 
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.65, .42, and .52, respectively). That measurement was also signifi-
cantly correlated (P<.05) to chemical fat from the rib sample (r = .19). 
It is puzzling that the remote sensing measurement value of lean 
at the 12th rib interface was significantly correlated to fat thickness 
opposite the rib eye, percentage of fat trim, round fat weight, and 
percentage of chemical fat from the rib sample. This would suggest that 
the more muscular these carcasses . were, the fatter they were. 
The data were analyzed using multiple regression (tables 6, 7, 8, 
and 9) to predict percentage of edible portion, weight of edible portion, 
percentage of major, closely trimmed, semi-boneless cuts, and weight of 
closely trimmed, semi-boneless cuts. 
There were seven subsets of variables that significantly (P<.Ol) 
predicted percentage of edible portion (table 6) .· The only single 
variable subset that significantly predicted percentage of edible 
portion was yield grade. Yield grade alone accounted for 60.88% of the 
variability of percent. of edible portion among the carcasses. Perhaps 
yield grade predictors may not even do that well on carcasses from a 
broader base of ~attle. 
The weight of edible portion frcr.m the round was the most freq~ent 
independent variable observed in predicting percentage (table 6) and 
weight (table 7) of edible portion. It was the only s~ngle variable 
subset that significantly predi~ted the weight of edible portion from 
a side. It alone accounted for 87.65% of the variability in weight 
of edible portion. For widespread application, objecti~e or subjective 
observations must be easy to -obtain and inexpensive. Weight of edible 
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TABLE 6. OPTIMAL SUBSETS OF INDEPENDENT VARIABLES FOR 
PREDICTING PERCENT OF EDIBLE PORTION 
Probability R2 X 
Variable -B value > F 100 
Intercept 73.4569 60.88 
Yield grade -4.8274 .0001 
Intercept 58.3798 72.63 
Yield grade -3.7939 .0001 
Round edible portion .2712 .0001 
, 
Intercept 56.5938 80.00 
Yield grade -2.5212 .0001 
Round weight -.3894 .0001 
Round edible portion .8269 .0001 
Intercept -72.7795 81.04 
Round weight -.4567 .0001 
Round edible portion .9496 .0001 
Remote sensing fat area 114.0386 .0001 
Intercept -29.6039 83.44 
Yield grade -1.5307 .0001 
Ro~d weight -.3634 .0001 
Round edible· portion .7825 .0001 
Remote sensing fat area · 80.6469 .0001 
Intercept -71.9937 84.31 
Yield grade -1.4010 .0003 
Round weight -.3753 .0001 
Round edible portion .7912 .0001 
Remote sensing fat area 58 . . 6307 .0022 
Remote sensing lean area 61~3061 .0147 
Intercept -69.0670 84.98 
Percent kidney, pelvic, -.8218 .0304 
and heart fat 
Yield grade -.9742 .0219 
Round weight -.4096 .0001 
Round edible portion .8345 .0001 
Remote sensing fat area 51.9881 .0062 
Remote sensing lean area 66.2736 .0078 
TABLE 7. OPTIMAL SUBSETS OF INDEPENDENT VARIABLES FOR 
PREDICTING WEIGHT OF EDIBLE PORTION 
Variable 
Intercept 
Round edible portion 
Intercept 
Carcass weight 
Round edible portion 
Intercept 
Carcass weight 
Yield grade 
Round edible portion 
Intercept 
Carcass weight 
Yield grade 
Round edible portion 
Remote sensing fat area 
Intercept 
Carcass weight 
Yield grade 
Round weight 
Round edible portion 
Remote sensing fat area 
Intercept 
Carcass weight 
Ro~nd weight 
Round edible portion 
Specific gravity, side 
Remote sensing fat area 
e value 
11.3458 
3.5193 
-18.3189 
.1172 
2. 6330 
-5.4245 
.1533 
-4.2964 
2.1436 
-144.1443 
.1649 
-3.0719 
2.0188 
129.2512 
-162.6738 
.1887 
-2.4637 
·-. 4380 
2.4118 
143.9600 
-183.9747 
.1996 
-.7269 
2.7695 
-~9224 
162.1894 
Probability 
> F 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0100 
.0001 
.0220 
.0001 
.0416 
.0477 
.0001 
.0106 
.0001 
.0011 
.0001 
.0051 
.0015 
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87.65 
92.96 
93.85 
94.14 
94.34 
94.53 
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portion from the round can be used to predict percentage or weight of 
edible portion; but it, unfortunately, can only be obtained uafter the 
fact." Carcass weight was also a frequent variable used in predicting 
weight of edible portion, as one might expect. 
The remote sensing data only appeared in three, four, five, and six 
variable subsets for predicting percentage of edible portion and four, 
five, and six variable subsets for predicting weight of edible portion. 
Although the remote sensing data are variables in some regressions 
which significantly predict weight or percentage of edible portion, it 
can be noted in tables 6 and 7 that the remote sensing data did not 
result in large increases or improvements in the predictive power of the 
equations. 
Table 8 indicates that yield grade again-was· the only significant 
·(P<.01) single variable subset in predicting percentage of major, 
2 closely trimmed, semi-boneless cuts (R x 100 = 54.16). Weight of 
round edible portion was the only significant (P<.01) single variable 
subset in predicting weight of major, closely trimmed, semi-boneless 
cuts (R2 x 100 = 85.75). 
The remote sensing data did not appear in significant regression 
equations predicting weight of major, closely trimmed, semi-boneless· 
cuts (table 9). The data did appear in three and four variable subsets 
attempting to predict percentage of major, closely trimmed, semi-boneless 
cuts. However, again these data did not appear to add a great deal to 
the predictiveness of the equation. 
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TABLE 8. OPTIMAL SUBSETS OF INDEPENDENT VARIABLES FOR PREDICTING 
PERCENT OF MAJOR TRIMMED, SEMI-BONELESS CUTS 
Probability 
Variable 13 value > F 
Intercept 58.7652 54.16 
Yield grade -3.6511 .0001 
Intercept 49.0016 61.82 
Yield grade -2.9818 .0001 
Round edible portion .1756 .0001 
Intercept 47.6512 68.37 
Yield grade -2.0195 .0001 
Round weight -.2944 .0001 
Round edible portion .5958 .0001 
Intercept -95.3811 68.56 
Round weight -.4189 .0001 
Round edible portion .7925 .0001 
Remote sensing lean area 128.6866 .0001 
Intercept -51 .. 0540 72.32 
Yield grade -1.4205 .0002 
Round weight -.3016 .0001 
Round edible . portion .5907 .0001 
Remote sensing lean area 91.7947 .0001 
TABLE 9. OPTIMAL SUBSETS OF INDEPENDENT VARIABLES FOR PREDICTING 
WEIGHT OF MAJOR TRIMMED, SEMI-BONELESS CUTS 
Probability 
Variable 13 value > ·F 
Intercept 15.1789 85.75 
Round edible portion . 2. 7162 .0001 
Intercept -7.3921 90.79 
Carcass weight .0892 .0001 
Round edible portion 2.0418 .0001 
Intercept .4127 91.33 
Carcass weight .1110 .0001 
Yield grade -2.6006 .0097 
Round edible portion 1.7455 .0001 
For the remote sensing technique to be effective in estimating 
carcass cutability, it will be necessary to minimize the effects of 
background colors and to use direct scanning with elimination of the 
photographic step. If that were achieved, the change in scale of 
measurement (photograph vs actual size) may eliminate or magnify some 
of the errors. Objective measurements to predict cutability and 
palatability would be extremely beneficial to the packer. However, 
before it could be deemed practical, it would have to be tested on a 
broader base of carcasses. Variations in muscling, age, weight, sex, 
fatness, and breeds are much greater in our beef industry than that 
represented by the carcasses in this study. 
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SUMMARY 
In 1973 (n = 65) and 1974 (n = 64), progeny from Charolais x Angus 
and reciprocal crossbred cows which were bred to a Polled- Hereford bull 
and a Salers bull, respectively, were used in this cutability study. 
The calves, which were individually fed, were started on an 80% concen-
trate ration after weaning. When reaching a predetermined weight 
(steers = 318 kg, heifers = 238 kg), each calf was switched to ~ 90% 
concentrate ration and was individually fed a predetermined number of 
days (steers = 140 days, heifers= 119 days). 
The cattle were slaughtered at the John Morrell and Company 
facilities in Sioux Falls, South Dakota. Grade data and subjective · 
estimates of lean color, lean firmness, _ru"ld marbling score were 
provided by a USDA meat grader. 
Photographic -images were made of the longissimus muscle at the 12th 
rib interface. Slides of the 'photographic images were analyzed for area 
of lean and fat with a Dicomed D-57 Digitizer in conjunction with a 
Spatial Data Monitor at the Remote Sensing Institute at South Dakota 
State University. 
The left side of each carcass was purchased by the meat laboratory 
of the Animal Science Department at South Dakota State University. 
Specific gravity of the carcasses was determined. The sides were 
fabricated into a Chicago-style round, sirloin, shell shortloin, 
tenderloin, flank, rib, plate, square cut chuck, brisket, and shank. 
Weights were recorded on these subprimal cuts, kidney and pelvic fat, 
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and cod or udder fat. Each of the· subprimals were separated into and 
weights taken on t .rimmable (in excess of . 63 em) fat, bone, lean trim, 
and total roast weight. 
Yield grade was significantly correlated (P<.Ol) to percent edible 
portion, percent fat trim, and percent of trimmed, semi-boneless major 
cuts (r = -.80, .80, and -.75, respectively). Yield grade was also 
significantly correlated (P<.Ol) to weight edible portion, weight of 
trimmed, semi-bonel~ss major cuts, round edible portion, round fat 
weight, round roast weight, and roast weight from the total side (r 
-.35, -.33, -.44, -.45, -.39, and -.29, respectively). Although the 
correlation coefficient between yield grade and percentage of trimmed, 
semi-boneless major cuts was -.75, the yield predicted from a mean 
yield grade of 2.83 (50.5% yield of boneless, closely trimmed retail 
cuts) and the actual mean percentage yield of trimmed, · semi-boneless 
cuts (48.53%) differed by almost a full yield grade. 
Fat thickness measured at the 12th rib interface was negatively 
and significant correlated (P<.Ol) with percentage of edible portion, 
percentage of trimmed, semi-~oneless major cuts and round edible 
portion (r -.68, -.65, and -.27, respectively). 
Rib eye area showed significant (P<.Ol) correlation coefficents 
with percentage of edible portion, percentage of trimmed, major, 
semi-boneless cuts, weight of edible portion, weight of trimmed major, 
semi-boneless cuts, round weight, .weight of round edible portion, round 
roast weight, and roast weight total side (r =.51, .43, .79, .77, .69, 
.75, .74, and .76, respectively). 
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Percentage of kidney, pelvic, and heart fat was negatively and 
significantly (P<.01) correlated with percentage of edible portion, 
percentage of trimmed, semi-boneless major cuts, weight edible portion, 
weight of trimmed, semi-boneless major cuts, wholesale round weight, 
round edible portion, and round roast weight (r = -.53, -.50, -.25, 
-.23, -.25, -.30, and -.28, respectively). 
The remote sensing fat measurement value was significantly (P<.Ol) 
correlated to fat thickness, percentage of kidney, pelvic and heart fat, 
and yield grade (r = .35, .34, and .42, respectively). That measurement 
was significantly (P<.01) and negatively correlated to both percentage 
of edible portion and percentage of semi-boneless, trimmed major cuts 
(r = -.35) as well as specific gravity values (r = -.32 to -.46). The 
remote sensing lean measurement value was significantly (P<.Ol) 
correlated to rib eye area, weight of edible portion, weight of trimmed 
major cuts, and roast weight from the total side (r = .42, .33, .33, and 
.52, respectively). 
Yield grade was the only single variable subset that significantly 
(P<. 01) predicted percentage .of major, closely trimmed, semi-boneless 
cuts in the multiple regression analysis. Yield grade alone accounted 
for 54.11% of the variation in that measurement. Although there was 
considerable discrepancy between yield grade and actual yield of the 
carcasses in this study, yield grade is probably the best available 
method of predicting cutability of beef carcasses. 
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Remote sensing data were included in some multiple regression 
equations which significantly predicted weight or percentage of ·edible 
portion, but the data did not result in large increases or improvements 
in the predictive power of the equations. 
Remote sens ing could be utilized in carcass grading lines only if 
the photographic s tep was eliminated and fat and lean areas scanned 
directly. 
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